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E Series Gantry Plasma/Flame CNC Cutting machine
Operation Manual
Chengdu Huayuan Eelectric Equipment Co.,Ltd
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Summary
Gs series CNC Flame/Plasma cutting machine is a kind of automatic cutting equipment which is controlled by digital program and used for cutting metal plates, under controlled by industry computer and use flame or plasma arc to be the cutting source, this equipment can cut 0.8~100mm diameter any size patterning.  
This equipment is used for shipbuilding, steel construction, large equipment, car, pressure vessel and so on industries which has high precision, fast speed characteristics, it is a kind of economical machine tool.  

Main functions of system software:
●Use international standard CNC machine tool programming language G code as the pattern source documents.
●Multistage key-press operation
●The rotary, mirror image and scaling functions of workpiece
●The running, pause and continue function of G code docs.
●Features of the original track returns
●Cutting power off protection
●Features of adjusting in real time and display the cutting speed
●Cutting track analog
●Features of adjusting in real time and displaying the manual move speed
●features of plates straightening（EDGE）
●Features of cutting seam compensation

●Torch automatic up & down and height adjustable
●Automatic control function of gas circuit valve
●System condition displays in real time
●Features of fault self diagnosis and repair
●Automatic programming and jacking function

Note:HUAYUAN reserve the right of interpretation of the manual.

1. Safety
	   All the person who install, maintain, repair and instruct the machine should read the following carefully.
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    Cautions
	Arc and arc rays may harm health.

	    Arc welding can be hazardous. All performing welding workers ought to have health qualification that provided by authority organization. Protect yourself and others from possible serious injury or death. Keep children away. Pacemaker wearers should consult with their doctor before operating. Be sure that all installation, operation, maintenance and repair procedures are performed only by qualified individuals. 
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Electric shock can kill: The electrode and work (or ground) circuits are electrically “hot” when the welder is on. Do not touch these “hot” parts with your bare skin or wet clothing, Wear dry, hole-free gloves to insulate hands. Users need to follow the below items to avoid electric shocks:

Insulate yourself from work and ground using dry insulation. Make certain the insulation is large enough to cover your full area of physical contact with work and ground. Otherwise, use automatic or semiautomatic welding machines, DC welding machines as possible as you can.

In semiautomatic or automatic wire welding, the electrode,electrode reel, welding head, nozzle or semiautomatic welding gun are also electrically“hot”.

Always be sure the work cable makes a good electrical connection with the metal being welded. The connection should be as close as possible to the area being welded.

Ground the work or metal to be welded to a good electrical(earth) ground.

Maintain the electrode holder, work clamp, welding cable and welding machine in good, safe operating condition. Replace damaged insulation.

Never dip the electrode in water for cooling.

Never simultaneously touch electrically“hot”parts of electrode holders connected to two welders, because voltage between the two can be the total of the open circuit voltage of both welders.

When working above floor level, please do wear safety belt to avoid falling or losing balance on electric shock.
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Arc rays can burn: Use a shield with the proper filter and cover plates to protect your eyes from sparks and the rays of the arc when welding or observing open arc welding. Headshield and filter lens should conform to nation standards.

Use suitable clothing made from durable flame-resistant material to protect your skin and that of your helpers from the arc rays.

Protect other nearby personnel with suitable, non-flammable screening and/or warn them not to watch the arc nor expose themselves to the arc rays or to hot spatter or metal.
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Fumes and Gases can be dangerous: Welding may produce fumes and gases hazardous to health. Avoid breathing these fumes and gases. While working in limited room, use enough ventilation and/or exhaust to keep fumes and gases away from the breathing zone, or use the respirator. 

Shielding gases used for arc welding can displace air and cause injury or death. Always use enough ventilation,especially in confined areas, to insure breathing air is safe.

Do not weld in locations near chlorinated hydrocarbon vapors coming from degreasing, cleaning or spraying operations.The heat and rays of the arc can react with solvent vapors to form phosgene, a highly toxic gas, and other irritating products.

Read and understand the manufacturer’s instructions for this equipment and the consumables to be used, including the material safety data sheet (MSDS) and follow your employer’s safety practices. Make sure they are asepsis and innocuity.
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 Spatter: Welding or cutting spatter can cause fire or explosion.
Remove fire hazards from the welding area.If this is not possible, cover them to prevent the welding sparks from starting a fire. Remember that welding sparks and hot materials from welding can easily go through small cracks and openings to adjacent areas. Avoid welding near hydraulic lines. Have a fire extinguisher readily available.
Where compressed gases are to be used in the field, special precautions should be used to prevent explosion.
When not welding, make certain that no electriferous part is touching the work piece or the work stage. Accidental contact can create a fire hazard.
Do not weld containers or lines, which are not proved to be innocuity.
Do not heat, cut or weld tanks, drums or containers until the proper steps have been taken to insure that such procedures will not cause flammable or toxic vapors from substances inside. They can cause an explosion even though they have been“cleaned”.
Spatter might cause burn. Wear leather gloves, heavy shirt, cuffless trousers, high shoes and a cap over your hair to prevent from burning by spatter. Wear the ear shield when performing sideways or face up welding. Always wear safety glasses with side shields when being in a welding area.
The welding cables should be as close to the welding area as possible, and the short, the better. Avoid welding cables going through the building framework, lifting chains, AC or DC cables of other welding machines and appliances. The welding current is strong enough to damage them while having short circuit with them.
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Cylinder may explode if damaged.

Make sure that the gas in the storage cylinder is qualified for welding, and the decompression flowmeter, the adapter and the pipe are all in good condition.

Always keep cylinders in an upright position securely chained to an undercarriage or fixed support.

Be sure to put the cylinder in the working space with no crash or shake, and far from welding area.

Never allow the electrode, electrode holder or any other electrically“hot”parts to touch a cylinder.

Keep your head and face away from the cylinder valve outlet when opening the cylinder valve.

Valve protection caps should always be in place and hand tight except when the cylinder is in use or connected for use.
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Power: (For electrically powered welding and cutting equipment) Turn off input power before installation, maintenance and repair to avoid accidents.

Huanyuan welding equipment is Ι class safeguard equipment; please install the equipment in accordance with the manufacturer’s recommendations by specific persons.

Ground the equipment perfectly in accordance with the manufacturer’s recommendations.
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Power:(For engine driven welding and cutting equipment)

Work in ventilated place or outdoors.
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Do not add fuel near to fire or during engine starting or welding. When not working, add fuel after engine is cooling down; otherwise, the evaporation of hot fuel would result in dangers. Do not splash fuel out of the fuel tank, and do not start the engine until complete evaporation of the outside fuel.
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Make sure that all the safeguard equipments, machine cover and devices are all in a good condition. Be sure that arms, clothes and all the tools do not touch all the moving and rotating components including V belt, gear and fan etc.

Sometimes some parts of the equipment have to be dismantled during maintenance, but you still have to keep the strongest safety awareness . 
Do not put your hand close to fans and do not move the brake handle while operating.
Please remove the connection between the engine and the welding equipment to avoid sudden starting during maintenances.

	When engine is hot, it is forbidden to open the airtight cover of the radiator water tank to avoid hurt by the hot vapor.

	Electromagnetic: Welding current going though any area can generate electromagnetic, as well as the welding equipment itself.
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Electromagnetic would affect cardiac pacemaker, the cardiac pacemaker users should consult one’s doctor first.

The effect of electromagnetic to one’s health is not confirmed, and it might have some negative effect to one’s health.

Welders may use following method to reduce the hazardous of electromagnetic:

a. Bundle the cable connected to the work piece and the welding cable together.

b. Do not enwind partially or entirely your body with the cable.

c. Do not place yourself between the welding cable and the ground (work piece) cable, if the welding cable is by your left side, then the ground cable should be by your left side too.

d. The Welding cable and the ground cable are as short as possible.

e. D      e. Do not work near to the welding power source.
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Lifting equipment: carton or wooden boxes package the welding machines supplied by Huayuan. There is no lifting equipment in its wrapper. Users can move it to the prospective area by a fork-lift truck, then open the box.
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If there are rings, the machine can be transited by rings. While Huayuan Welding Machine Manufacture reminds users, there is potential risk to damage the welding machine. So it is better to push the welding machine by its rollers unless special situations.
Be sure that the appurtenances are all removed off when lifting.
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When lifting, make sure that there is no person below the welding machine, and remind people passing by at any moment.
Do not move the hoist too fast.
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Noise: Huayuan Welding Machine Manufacture reminds users: Noise beyond the limit (over 80 db) can cause injury to vision, heart and audition depending on oneself. Please consult local medical institution. Use the equipment after doctor’s permission would help to keep healthy.


The equipment must be safety grounding
The equipment must be safety grounding after installation in work site,the plasma power source and the CNC have to connect with ground separately.To make a stable low resistance grounding,need to put one copper ground rod in the ground(copper ground rod,length is 2m,diameter is 12mm at least),make the whole copper ground rod connect with the humid soil.See the operation detail in the foundation drawing Annex 9-00.

The distance is 3M between the ground rod with the cutting table,ground resistance is less than 3Ω.

Note: Dont directly connect the earth cable to the ground rod!
Pay attention when use plasma cutting system
●Carefully read the plasma cutting machine operation manual Before use plasma cutting machine,must comply with the corresponding specification when use.
●All HYPERTHERM torch have the special design with the safety lock device,then the retaining cap release,have to turn off the power.
●All the plasma cutter safety lock prohibited bypass and short circuit.
●If without installing the cover,do not operate the system,otherwise it will be dangerous.
●Every HYPERTHERM system is only use with HYPERTHERM torch,do not replace other brand torch,otherwise,it will cause overload and dangerous.
Pay attention when use Flame cutting system
●Before power on,check the gas circuit,to make sure whether the cable is disconnected or naked,if have the problem,have to maintenance timely.
●Before power on,shall observe the CNC cutting platform whether there is any obstacle,if have,clean up immediately.
●Before move torch,shall adjust the height,avoid clash the obstacle,and damage the torch.
●Before open the gas,must check whether the gas tube connector is fasten,once open it,shall check whether it is leakage,if any problem,process it immediately.Note:It is prohibited that use the tool with oil,gloves touch the oxygen bottle valve--rubber tube(include gas meter),it is prohibited to disassemble gas circuit part with oil.
  ●Prohibition of charged demolition automatic ignition device, to prevent  high-pressure electric shock. 
●Comply with the safety regulation when put the plate,avoid the safety problem or collision with the CNC machine.
●CNC machine gas circuit freezing,prohibition to use the fire to heat or tool to knock on,shall use the 40-50 temperature water to melt.  

●If take place an accidental blackout,need to turn off the main power supply,to prevent the damage equipment from the high pressure during the recover power supply.
●After power on,dont touch the movement part,avoid  the accident injury;When daily maintenance;when off work,must power off the machine.Need to place the machine in suitable position,firstly turn off the gas bottle,then open the gas valve on the torch to decompress,finally recover every control knobs,turn off the host power,then turn off the general power supply.
●Prohibition to play on the cutting table,operator must hold position during cutting,pay attention to the status of machine,if any emergency,must process it immediately,to guarantee the machine safety working.
2. Construction 
This equipment consists of beam, drive base, driven  base, cross transmission device, cross driven device, steel band device, up& down device, torch device, track, whole machine pipe line device, slip line bracket, electric operating box and so on, it is single (double) drive door construction. 
2.1 Main machinery 

The mainframe consists of beam, drive base, driven base, longitudinal drive device, cross drive move device, cross driven move device, steel band device, up& down device, torch device and so on.
2.1.1Cross Beam
Beam adopts thin-walls box structure,light,good appearance.The rear of the beam is fitted with horizontal guide track(Linear guide),equipped with the gear rack, engage with the gear of the cross drive move device,realize the torch horizontal movement.

2.1.2Drive base
Drive  case is formed by the thin steel plate welding of box structure,both ends are fitted with the horizontal guide wheel,can adjust and clamp the two sides of vertical track,it plays a guidance function during the machine movement.Both ends are fitted the scrapping plate to clear the track surface dirt,compact structure and reliability.

2.1.3Driven base
 Single driving CNC cutting machine,the driven base play a support role for whole machine running,have light structure,stability and so on.Double driving CNC cutting machine,no driven end base,the two side of host both adopts drive end base,to realize the double driving.

2.1.4 Longitudinal drive device
The Longitudinal drive device adopts step motor, with the precision orientation,backlash,the output shafts engage with the cross rail,drive the whole machine move vertically.
2.1.5Horizontal drive movement device
Horizontal drive move device adopts the step motor,with the precision orientation,backlash,the output shafts engage with the cross rail,drive the cross drive move device movement.

2.1.6 Steel band(Steel line) Device
Steel band(Steel line) device is the connection for horizontal move body,make the move body move in same direction.

2.1.7Lifting Device
Lifting device driven by the lifting motor through the screw rod and lifting rod(or linear guide),joint the torch movement up and down,which make the cutting tip and workpiece keep appropriate distance.Since have the above movement,it can realize move the torch to any point of X,Y coordination.The lifting of torch realize the adjustable of different thickness steel plate.

2.1.8 Torch device
The torch device consist of torch,clamp holder,manual adjustable valve,flashback arrestor,pipe connector,manual lifting adjustable device etc,the clamp holder is installed on the slidder,torch is adjustable within ±45°,manual lifting adjustable device can realize torch lifting up and down.
2.2  Electrical control device
The electric part of CNC cutting machine consists of CNC (optional), electrical, servo these three systems. The mainly components of control system are international famous brand. System adopts modulation constructions, has features of wiring conciseness, maintenance easy, volume small, performance steady and multilingual menu.
2.2.1CNC System

CNC system specific operation please refer to the corresponding CNC system manual.
（1）HUAYUAN HYCC-M3 CNC System(Optional)

     Feature
Adopts industry grade ARM chip,A scale integrated high speed hardware,low power consumption,low heat,no forced cooling,stable and reliable hardware.
The CNC system have rich function,flame/plasma transform freely,according to the cutting material and machine feature,adjust the preheat delay,piercing torch lifting delay,piercing delay etc.
Have plate straightening,cutting gas compensation,break-point recovery,return etc function.
Have cutting program pre-process function,Added electric gear adjustable,inflection point automatically deceleration,up and down function.
English/Chinese menu,figure dynamic display.Dynamically stimulate the process path,Timely display the cutting status,input/output status.
With the standard figure storage,have simply layout function,convenient for users,also can use in-built and outside keyboard to program.
Completely Compatible with IBE,FASTCAM etc nest software.
Specification：

CPU：Industry grade ARM chip；

LED： 10.4’’ led，resolution is 640*480；

Input/Output：20 optical isolation Input，20 optical isolation Output；

Compounding axis number：2 axis，can expand to 4axis;

Communication：2 RS232，1 USB；

     Pulse equivalent: Electric gear setting range﹙1～65535﹚；

Storage space：4G；

Case size： 410*310 *58；

Working temperature：0℃～ +40℃；

Storage Temperature：-40℃～ +60℃。

（2）America HYPERTHERM company EDGE CNC system（optional）
EDGE CNC system specifications:
Operating system：Windows® XPe
Processor：Inter Celeron 2.4G or bigger
Memory：512M DDR or bigger
Hard disk：80G or bigger
Peripheral：technical grade mouse, keyboard, 17″TFT industry high bright monitor
Output axis：standard 2 axes，most 4 axes
The industry scene special digital keyboard and eight position movement buttons
The software programming is suitable EIA（PS-274D） and ESSI（ISD6582）dynamic programming, easy to operate.
Original path infinite times return
10) Break point memory and fast return point of interruption
11) Fixed macroprogram 40 , may expend to 200 program libraries.
12）CNC cutting path track, functions of moving torch, aerating nozzle, adjusting wind direction or change nozzle then return original point. 

13）Macorprogram parts jacking
14）May realize the complete automatic cutting process of ignition, preheating, high-pressured oxy-arc cutting and flame out.
15）Steel plate straightening function（plate crooked adjustment function）
16）Dusting, lineation function
17）RS-232 joint

18）Mirror image, revolving function
19）Teach function
20）Dynamic cutting seam compensation, intelligent dialogue type user graphical interface.
21）Intellectualized graph input guide
22）Cutting time accumulates, moving time accumulates, work time accumulates clock.
23）Plasma electrode life record
24）Cutting path fast pre-demonstration
25）Control and display fault
26）With RS-422 connection communication software
27）Chinese menu operation
2.2.2 Electric System
Adopts the modular design,simply wiring,and use famous global brand electric part,component,cable,guarantee the reliable electrical part.
2.2.3 Servo System
Panasonic digital AC servo system
AC Servo motor,small volume,fast feedback,large output torque,easy installation,good appearance.
Driver with digital,power source and control logic integration module.Large adjustable range,simple wiring,stable performance,easy operation.

All software parameter setting,include gain,time constant,compensation,deceleration,torque limit,position feedback transformation etc,Automatically gain adjustable function,guarantee the machine respond,precision and stability.
Over-current,over-voltage,under-voltage,limit etc alarm protection function,and the trouble recording and I/0 check function,make the protection of the machine and the maintenance more quickly and more efficiently.
2.3 Gas circuit and Hoisting
  The gas circuit hanger consist of Longitudinal and horizontal part,the horizontal structure as the Annex drawing 2,the hanger is steel welding structure(our company provide the drawing,users produce it.) install on the workshop wall(or other fixture),and install the horizontal tube carriage on the Hanger,Then place the gas gas circuit and cable on the tube plate,realize hanging gas circuit function.
The machine consist of the central integration gas unit,pressure adjustable unit,magnetic valve,flow control valve,flashback arrestor,have the gas circuit ,such as the high-low voltage transformation,variable pressure flow and flashback stop,to ensure the cutting safety and high efficiency.
·Adopt Integrated module central integration gas system.
·Adopt AirTac magnetic valve.
2.4 Plasma cutting system
    The plasma power source install on the beam or the fixed ground as per the plasma size,the torch install on the lifting body,The auto lifting have to match the capacitance height controller or Arc voltage height controller,ensure the cutting height position and steel is constant, through control system panel Manual/Auto Arc strike and extinction,then cutting.The cutting thickness and the cutting speed refer to 《Cutting technological manual》
2.5 Marking device(Optional)
  This function is used for flame cutting, which is use the heat caused by oxygen burn to melt the zinc powder and paint on the surface of the plate to get white color line. During this process,the heating is needed, so flame gas or oxygen is needed to melt the zinc powder.
2.6 Auto Ignition Device(Optional)
    The auto ignition device consists of lighter, cable, flame gas tube and the support frame, one terminal of the cable connect with the lighter, the other side connect with the controller, one terminal of the gas flame tube connect with the lighter, the other side connect with the gas supply, the gas on and off controlled by the solenoid valve, the support frame fix the lighter on the side of the torch, the lighter controlled by the knob on the control box, when this knob be pressed, the lighter on and the torch beside burn.
   The auto ignition device use flame gas, the needed oxygen come from the air, when the flame gas come into the lighter, the air in the lighter will compressed immediately, then the compressed air will come out from the lighter nozzle, this compressed air will burn by the high voltage arc which controlled by the control box, then burn the torch.
The connection of the lighter inlet and terminal must be seriously sealed to avoid air come in, the inlet should keep clean to ensure the flame gas flow smoothly, if there is choke, please clean it with compressed air.
The connection of the lighter and cable is fixed by screw, after long time use of the lighter, the cable maybe burnt, so please check it regularly.
2.7 Capacitance Height controller(Optional)
The capacitance height controller is used for flame cutting to keep the distance between nozzle and plate, which can ensure the cutting quality. Because the surface of the plate can;t be totally horizontal, and the surface of the plate is not flat, also for different plate thickness, the distance between the nozzle is different, so the capacitance height controller is used.
The sensor pole of the height controller is installed on the support frame, which installed on the torch. The sensor pole can be manually adjust up-down along with the torch axis direction. Before the height controller work, the distance between nozzle and plate should be set according to the plate thickness. The sensor pole has two type: circle and hoof shape, the circle one is used for thickness more than 40mm. The direction of the hoof should be opposite to the torch move direction to avoid spatter pollut the pole. No matter circle or hoof sensor, the distance to the torch circle should be equal so that it can’t contact with the pole. Clean the sensor pole regularly to ensure the accuracy.
2.8 Arc voltage height controller(Optional)
As the cutting quality is best when the distance between nozzle and workpiece in a certain rang,must control by the non-contact sensor device,make the distance remain the same.Guarantee the plasma cutting quality.

HYPERTHERM SENSOR THC

This sensor THC work with the HYPERTHERM Micro EDGE PRO control system to control the plasma torch up-down. This THC has strong ability to prevent the interruption and with good stability, the control accuracy is ±0.25V。

It adopts the AC servo drive to control the torch up-down, which bring the linear up-down movement by accurate guide. Compare to the DC motor,  the AC servo motor with good anti-interruption and good stability, which can ensure the cutting quality. The up-down distance is 300mm. 
HYPERTHERM ArcGlide  THC

This HTC no need to work with the CNC control system. It can seperately controlt he torch up-down by its control handle, it also with good anti-interruption and stability, the control accuracy is ±0.25V. It can work with the ArcGlide THC torch holder, which is similar with the SENSOR THC torch holder
3）XPTHC-100III

XPTHC-100III arc voltage height controller adopts the micro processor and graphic digital display, American isolation amplifier and PWM control output. According to the plasma current, it can select related arc voltage accuracy, which is adjustable between ±1V~±3V

2.9 Auto Nest Software(Optional)
Operation step refer to the manual
 FASTCAM software
Australia FASTCAM is the special software for plate cutting program, it include all the steel plate fabrication from drawing making, drawing input, DXF optimized editing, cutting way set, NC output, quantity parts optimizing, material saving, time saving and loss reduce during the fabrication process.
HYPERTHERM TurboNest

TurboNest software suitable for flame and plasma cutting both. It is with good reliability and can input 2D CAD drawing. It can get good cutting quality and high efficiency through nest manipulate and basic parameter setting, which can reduce the cost.
HYPERTHERM ProNest

ProNest software suitable for high accuracy plasma, fiber and CO2 laser, watercut and flame cutting. It is a visual high efficiency solution for the multi-craft cutting work. It also has the accurate hole technology and groove cutting function.
2.10 Horizontal guide track
The horizontal track consists of the main track, dupty track and gear, which adopts P24/P38/P43/P50 track fine fabrication, installed on the track support base. The machinery move along with the track when Y direction move. The horizontal gear installed on the main track, the bite of the gear and track can get the Y direction movement. The main track and dupty track should keep horizontal and platness, detail please refer to the < track installation instruction>. There are two anti-corrosion block on the two sides of the track to avoid derail. The dupty track also with vertical gear of the double driven machinery.
2.11 Straight triple cutting torch（optional）

The straight triple cutting torch can get X.Y.K.V linear groove. It install a frame on the flame torch, the flame can hold three torches at the same time, the three torches can be manually adjust the angle, they can not adjust the cutting direction in the cutting process, they can only cut along with the linear direction. 
2.12 Nozzles 
G02 ethyne nozzle 1#—4#，see chart 1
G03 propane nozzle 1#—4#，see chart 2
GK1 ethyne quick nozzle 1#—4#，see chart 3
G02 type equl-pressure cutting nozzle performance Chart 1
	Nozzle
	Cutting steel thickness（mm）
	Gas pressure

x105pa
	Gas consumption
	speed
（mm/min）

	
	
	oxygen
	ethyne
	oxygen（m3/h）
	ehtyne（L/h）
	

	1
	20~30
	2.5~3.5
	>0.3
	2.5~3.0
	470
	400~320

	2
	30~50
	2.5~3.5
	>0.3
	3.0~4.0
	470
	350~280

	3
	50~70
	3.0~4.0
	>0.3
	4.5~6.0
	620
	300~240

	4
	70~90
	3.0~4.0
	>0.4
	5.5~7.0
	620
	260~200


G03 type equl-pressure propane nozzle performance Chart 2
	Nozzle 
	Cutting steel thickness（mm）
	Gas pressure x105pa
	Cutting oxygen flow
（m3/h）
	speed
（mm/min）

	
	
	oxygen
	ethyne
	
	

	1
	20~30
	2.5~3.5
	>0.3
	2.5~3.0
	400~320

	2
	30~50
	2.5~3.5
	>0.3
	3.0~4.0
	350~280

	3
	50~70
	3.0~4.0
	>0.4
	4.5~6.0
	300~240

	4
	70~90
	3.0~4.0
	>0.4
	5.5~7.0
	260~200


GK1 ethyne quick nozzle performance Chart 3
	Nozzle 
	Cutting steel thickness（mm）
	Gas pressure x105pa
	Cutting oxygen flow
（m3/h）
	Speed 
（mm/min）

	
	
	oxygen
	ethyne
	
	

	1
	5~10
	7~8
	>0.3
	1.25
	700~500

	2
	10~20
	7~8
	>0.3
	2.23
	600~380

	3
	20~40
	7~8
	>0.3
	3.48
	500~350

	4
	40~60
	7~8
	>0.4
	5.44
	420~300


3. Performance

3．1 Summary
GS series CNC plasma/flame cutting machine is auto cutting equipment,connecting with the computer,adopt the flame and air plasma as source,it cuts any shape of workpiece,such as Steel,Aluminum,copper etc,cutting thickness from 0.8-150mm.

This machine is widely use for various industry,such as shipbuilding,Steel structure,heavy machinery,pressure vessel,locomotive manufacturing etc.high cutting accuracy,fast cutting speed,greatly improve the users’ production efficiency,it is an economic cutting machine.
3．2 Oxygen cutting theory
In order to suit flame cutting, the material must meet the following requirements：
The material must be able to burn in the oxygen flow when heating up to the ignition temperature
The material ignition temperature must below its melting point.
The oxide compound melting point must be lower than the combustion temperature of material

The metal combustion heat must be as big as possible, moreover the thermal conductivity must be as low as possible.
3．3  Plasma cutting theory
Compare with the oxygen cutting, plasma cutting has the following characteristics:
It can cutting the metal material which the gas cutting can`t cut.
The cutting speed is fast when cutting less thickness metal.
Cutting facet is bright and clean, small thermal deformation which is suitable for processing each kind formed components.
The cutting width and facet drift angle are big.
The ability of cutting thick plate is inferior to the oxygen cutting.
3.4 Model Specification

   Model instruction
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Note:

1. The above model not include the nest software,the optional brand is: FASTCAM professional and Standard,Hypertherm MTC,PROnest,STARFIRE etc.Recommend the MTC and FASTCAM Professional.When cut fine circle and fast cutting process,have to match Hypertherm PROnest,please mark it in the contract.
2. The above model not include the busbar,there are two specification,5+3 and 10+6 etc.if need,need to add the extra value,and please mark it in the contract.
3. The above model not include the exhausting table and equipment,optional brand is zhengjiang yuankai,Donaldson and Dalian Rip company.
For example：GSⅠ-4X12A－L2－S2G：single drive，4 m span，12m track，Panasonic servo,Neugart，Double Longteng flame torch,Start system，P24 track specification，hang wiring.
GSⅡ-4x15A－J2E2Z5－H4D：Double drive，4x15m，2 flame Jierui torch,2pcs 100A plasma,5pcs strip torch，HYPERTHERM system，cable chain，P43 track.
Note:1.Fine plasma cutting machine,the default THC are Hypertherm 3-axis system,Sensor THC;The general plasma cutting machine(include HUAYUAN,HYPERTHERM and other imported plasma cutting machine)all adopt the general arc voltage height controller.
2．Less than 4pcs flame torch(include strip),match 5+3 busbar;if over 4pcs flame torch(include strip) have to match 10+6 busbar.
3．Several CNC machinery work with the same rail is special configuration, need to indicate seperately
4. Other special configuration must have the description.
Guide track space: from 3000mm to 10000mm optional, space standard is JB/T 5102-1999 coordinate type which has 3500mm、4000mm、4500mm、5000mm、5600mm、6300mm、7000mm、8000mm、9000mm、10000mm several model。 Space from 3000mm to 4500mm model is single drive，up 5000mm model is double drive.
3.5 Work environment requirements
  ● Power supply：3～380V±10%，50HZ±1HZ
  ● Power supply capacity：
CNC part……………………………………………………… 6KVA
Hypertherm MAX200 plasma power source…………………60KVA
Hypertherm Powermax1650 plasma power source…………35KVA
Huayuan LGK-120 plasma power source………………… 38KVA
Huayuan LGK-250 plasma power source…………………… 76KVA
● Ambient temperature………………………………………-10℃ ~ +40℃
● Relative humidity……………………………………………≤95%
● Work cycle…………………………………………………continuing 24 hours
● Gas requirement of flame cutting：
   Oxygen purity………………………………………………………≥99.5%
   Gas input pressure…………………………………………………0.04Mpa~0.06Mpa
   Oxygen input pressure ……………………………………………0.8Mpa~1.0Mpa
Hypertherm Powermax1650 plasma cutting gas requirements：
Gas ……………………………………………………air, nitrogen
Gas quality……………………………………………………clean, dry, no oil
Gas flow ……………………………………………………260 litre /min
Gas input pressure……………………………………………0.7~0.9Mpa
Gas pressure set ……………………………………………0.61~0.83Mpa
●MAX200 plasma cutting gas requirements:
Gas form/quality……………………………………………air: clean, dry, no oil
                                   Oxygen purity: ≥99.5%
                                   Nitrogen purity: ≥99.995%
                                   CO2 purity: ≥99.5%

Plasma gas………………………………………………air, oxygen, H35
                             （H35=35% hydrogen +65% argon）
Plasma gas flow……………………………air：66scfh(32 litre/min)
                                    oxygen：72scfh(34 litre/min)
                                    nitrogen：60scfh(28 litre/min)
                                     H35：70scfh(33 litre/min)
Protective gas flow：……………………………air：280scfh(132 litre/min)
                                     CO2：220scfh(104 litre/min)
                                     Nitrogen：290scfh(137 litre/min)
Plasma gas input pressure…………………………90~120psi(0.6~0.8MPa)
Protective gas input pressure……………………………90psi(0.6MPa)
Huayuan LGK-100/250 plasma cutting gas requirements:
Gas …………………………………………air, nitrogen
Gas quality…………………………………………clean, dry, no oil
Work pressure range……………………………………0.35MPa~0.65MPa
Air supply pipe pressure-proof………………………………………≥1MPa
Air supply pipe internal diameter………………………………………≥φ8（joint=φ8）
Air supply flow…………………………………………≥180L/min
In order to let CNC plasma cutting machine stable work in poor working environment,have to take some certain measures for power source,recommended the using power grid shall be separately from other workshop parts(such as welding machine) or match the AC regulated power supply.
   When choose the power source with water-cooling torch, shall choose the automotive anti-freezing fluid for water tank,avoid the power source,torch,water tank and other parts damage when freezing in winter.
4. Technical Specification 
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	2500mm
	3150mm
	4000mm
	5000mm
	6300mm
	7000mm
	8000mm

	Drive model
	Flame cutting single drive
	Double drive 

	
	Flame cutting double drive
	

	Effective cutting width (mm)
	1700
	2350
	3200
	4000
	5300
	6100
	7000

	Track length
	12 m or according to customer`s requirements

	Effective cutting length
	Track length 2m

	Track 
	According to requirements

	Traveling speed
	0-6000mm/min single drive

	
	0-12000mm/min double drive

	Cutting speed
	100-750mm/min flame cutting

	
	100-3000mm/min plasma cutting

	Cutting thickness
	Flame cutting 6~150mm or thicker

	
	Plasma cutting depends on the power source 

	Torch quantity
	2 groups or more

	Power supply
	3-380V±10%，50HZ±1%

	Torch lifting
	200mm

	Arc automatic height adj. device
	For plasma torch

	Capacitance automatic height adj. device
	For flame torch

	Plasma function under water
	optional


5. Hoisting
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6. Installation
To enable the cutter smooth movement on the vertical guide and ensure cutting precision of the machine, the user made the following request:
6.1 Site Requirement

Around the CNC cutting machine,not allowed to stack the heavy objects,such as the great impact equipment,have to increase the precaution measures when do the foundation,avoid the deformation cause the cutting precision.

6.2Installation basic
Our company provide the drawing,customer install it by themselves.The requirement as follows,
The requirements include:Hoisting,Inlet gas interface,track base,cutting table etc,refer to Annex 5 basic drawing.
On the basic of the customers finish the basic installation,shall find the center point,then mark it,make the center point in the corresponding track.
6.3Horizontal track installation
The track installation refer to 《Track installation manual》.
6.4Mainframe Installation

   The mainframe,our company pre-install and debug,which is hoisting in the installed vertical guide.

1）Before hoisting install, check the hoisting tools,ensure the safety and reliability,avoid the deformation.

2）Take out the screw and the spring from the drive end case,pull the motor gear to the outside of the machine,in order to avoid the collision between the gear and rack during installation.Meantime,release the end of shafts,adjust the gap to max size,after installing the host on the guide track,readjust the gap.

3）Hoisting the host with the lifting tools,use the cleaning agent to clean the wheel surface,then drop slowly and place it on the vertical guide,meanwhile,the four corners shall have professional workers to observe,and have one people in the middle for command,close to the guide track and fretting,the wheel guide fall firstly,and dont hurt the track surface.After hoisting,check the host wheel guide whether fixed in the side of guide track,drive and driven end base contact the level,then adjust the eccentric shaft, fixed orientation axis and the guide side contact, and finally fixed eccentric shafts.
6.5 Gas circuit system installation
Before leaving the factory,have been finished installation and debug.But consider the transport,we disassemble some part,and marking.When re-install,shall use the compressed gas to clean the gas tube and check it whether release,damage during the transport,if any release,must fasten or replace it.
7. Debug and check
When finish installing the machine,the customer shall inform the factory,our factory will send engineer to check the basic installation, track installation,online debug for machine,electric,gas,and check out.Whole machine inspection refer to 《Whole machine inspection report》.
8. Operation and use
1）Preparation

Prepare the cutting gas,ensure the O2 purity ≥99.5%.
2) Power on

Turn on the professional CNC air switch,then open the power lock.Avoid the accident,the workers cant been allowed leave during the machine working.If the work shop voltage is not stable,have to match the regulated power,in order to avoid the system damage.

3）Hoisting Steel Plate

Place the plate on the table,as far as possible one side parallel to the track,the steel plate surface level.

The detail operation and methods,please see the related CNC system operation manual.
4) Pressure Adjustable
Only Install the specified safety equipment in the Oxygen,fuel gas supply outlet,then start the machine,the specified gas inlet pressure is not more than the follow value:
Cutting oxygen pressure: MAX 1.5MPa

Pre-heat Oxygen pressure: MAX 1.5MPa

Fuel gas pressure:   MAX 0.25Mpa
Open the cutting Oxygen bottle valve,adjust the pressure to 0.8MPa.
Open the pre-heat Oxygen bottle valve,adjust the pressure to 0.7MPa.
Open the fuel gas bottle valve,adjust the pressure to 0.05MPa.
Note:Busbar inlet interface pressure,the Oxygen≤15MPa,Fuel gas≤ 0.25MPa.

The gas pressure adjustable on the gas source panel as follows
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CUTTING OXYGEN ②PRE-HEAT OXYGEN ③PRE-HEAT OXYGEN FUEL GAS
Purity of Cutting Oxygen:
The purity of the oxygen is the most important factor for the cutting process and the quality.If the purity bad,not only the cutting speed is slow,cutting surface is rough,but also the oxygen consumption is increasing.The oxygen purity drop from 99.5% to 98%,the cutting speed drop by 25%,the consumption increase 50%.Generally,If the oxygen purity less than 95%,cant cut.To get a good cutting sample without bonded slag,the oxygen purity shall be not allowed less than 99.5%
5）Select nozzle and installation
Choose the nozzle size according to the thickness of plate and flame gas
[image: image44.png]


Press the manual knob on the control panel, move the torch to the edge of the plate which parallel with the boom, check the torch and nozzle to see if the nozzle size suitable and if there is choke of the nozzle, take related measurements
6）Adjust the flame
The flame torch as the right picture shows. There are three knobs on the torch, the left one adjust the preheating oxygen, the mid one adjust the cutting oxygen, the right one adjust the preheat flame. It will reduce the gas flow when clockwise adjust the knobs, or otherwise.
7）Pre-heat steel plate
After adjust the flame properly, the cutting process begin. After the program start, the torch will preheat the plate until the plate surface been melted, and white bubble come out, then penetration and cutting.
Note: if need to change another type of flame gas, the gas pressure meter must be replaced before use, clean the previous gas by using the N2 or compressed air to avoid back fire.
The detail of the manipulate please refer to the CNC control system manual.
9. Maintenance and lubrication
GS series CNC cutting machinery should specially pay attention to the regular maintenance, or problem may accrue.
Regular maintain measurements:
Check the nozzle everyday before use to avoid bubble or back fire.
Clean the dust on the rail regularly, clean the gear and lubricate to ensure the machinery work normally, at least 2 times a week 
Clean the gas circuit regularly to ensure the purity of cutting gas to lengthen the usage life
Clean the dust of electric control cabine and manipulate cabine, at least once a week
Check the steel band is loose or not regularly
Check the gas circuit system, take measurements if it is leak or can’t use to avoid fire or choke.
Clean the machinery and boom monthly to keep it clean
Check the machinery screw and nuts monthly to avoid loose
Check the oxygen and air filter monthly
10、 Check the electric parts connection, cable connection a quarter of year to avoid damage and shock
11、 Check the straightness and vertical of rail, the accuracy of the machinery a quarter of year
12、 Fix the screw between the servo motor and gearbox, and the motor axis screw regularly
13、 The rail and gear need to recheck after use over one year to ensure the accuracy, detail method refer to the<CNC cutting machine rail installation instruction>
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10. Troubleshooting and repair
	Fault 
	Cause 
	Methods 

	Precision go down 
	Track loose
	Readjust the straightness, verticality and levelness

	
	Rack loose
	Fasten and calibrate the rack

	
	X axis has space
	Readjust the X axis reduction gear

	
	Y axis has space
	Readjust the Y axis reduction gear

	Servo motor has problem
	Compression spring presses too tightly
	Loose it

	Lifting beam has abnormal sound
	Bearing has foreign material or is damaged
	Clean or change a new one

	
	Screw rod has foreign material
	clean

	
	Lack of lubrication oil
	Add it

	Lifting beam has periodicity fricative
	Screw rod is bend
	Change it

	
	The axis of screw rod and motor is disalignment
	Readjust or change it

	Pressure meter beats when working
	Valve packing surface is adhered by moisture content and partial oxide compound
	Clean it

	Steel cable breakdown
	
	Change the break steel cable


	Plasma cutting torch rises continuously which can`t be initial localization
	Approach switch loose
	Fix the approach switch to let the light on

	Driver alarm “ERR 18” when the machine moving 
	Driver overload
	Add the regeneration discharging resistance

	Motor X、Y axis can`t move, driver alarm “ERR 16”
	Motor lack phase
	Connect the wire of lacking phase by multimeter

	The cutting workpiece dimension is not as same as the actual dimension
	Check if the system needs compensation, steel plate distort, graph is correct

	The plasma torch move towards workpiece once the CNC start
	The set of arc height adj. device is unreasonable
	Enlarge “assign arc” set, lengthen the time of CNC, reduce the set of arc protection

	Flame cutting torch only can be down, can`t be up or automatic heighten
	Capacitor heightening broken
	Change a new one

	Cutting oxygen solenoid valve can`t open
	Pipeline voltage is set too high
	Adjust the pressure valve on the panel to reduce the gas pressure

	Jacking docs. can`t be read into the system
	The form of U disk is wrong
	Change the form of U disk to FAT

	Graph spatial moving is too much which can`t be added to jacking docs.
	The parameter of the jacking software is wrong
	Change the docs. form

	SH-2000H，enter the “manual” or “automatic” menu is wrong, can`t work
	Parameter is wrong
	Enter “parameter set” →”run parameter”, change the instruction and coordinate to 0, then press ”F1” to save


Note: Flashback Arrest is the important part to guaranteed security, disassemble personally is not allowed. When the flashback arrest choke or leak after long time usage, it should be replaced.

Electrical section
(GS series) wear parts list
	NO.
	NAME
	MODEL
	NOTES

	1
	Nozzle :ethyne /propane
	GK1:1~4#
G02:1-4#
G03:1~4#(propane)
	optional

	2
	Oxygen pipe
	diameter:φ13,φ6
	Max. Pressure 2.5Mpa

	3
	Ethyne pipe
	diameter:φ13,φ6
	 Max. Pressure 2.5Mpa

	4
	Steel band
	Stainless steel band 0.25x40
	

	5
	Steel line
	6ZAA(6X7)+FC 1470 Z17.5
	


 Fig.(1)
GS Series Bearing List
	No.
	Standard
	Specification
	Installation position
	Note

	1
	GB276-94
	61905-2Z
	03 Rope group
	φ25xφ42x9

	2
	GB276-94
	6205-2Z
	07 Lifting Device
	φ25xφ52x15

	3
	GB276-94
	6007-2Z
	10 Drive,Driven base
	φ35xφ62x14

	4
	GB276-94
	6008-2Z
	10 Drive,Driven base
	φ40xφ68x15

	5
	GB276-94
	6207-2Z
	02/10 Drive,Driven base
	φ35xφ72x17


                          Fig.（2）

（GS Series）Main Purchase List

	No.
	Items
	Specification
	Notes

	1
	SOLENOID VALVE 1/2”
	D266DEUG1/2”
	FACTORY: MM etc

	2
	Solenoid valve 1/4”
	2WH030-08A1/4”
	Factory: AirTAC


	3
	Pressure meter: oxygen
	GO-60ZT-2.5M
	SHANGHAI JIERUI

	4
	Pressure meter: Ethyne
	G-60ZT-0.25MA
	

	5
	Oxygen pressure reduction valve
	YQEG-224E O2

G3/4 Positive
	RONGTENG

	6
	Oxygen pressure reduction valve
	YQEG-224E FUEL GAS

G3/4 Crossbite
	

	7
	Travel switch
	SZL-VL-S-J
	FACTORY：Honeywell 

	8
	Travel switch
	TM1303
	FACTORY：TEND

	9
	Oxygen tempering stopper
	LT6TO
	M16x1.5RH

	10
	Ethyne tempering stopper
	LT6TF
	M16x1.5LH

	11
	AC servo motor
	MHMD042PIC
	Panasonic

	12
	AC servo motor
	MHMD082PIC
	Panasonic

	13
	DC reducing motor
	55ZY24-25-02/70JB10G1032
	LINIX

	14
	reducer
	PLE 80 i=40
	 NEUGART

	15
	Drag chain
	45×75 R150
	NEW-MART

	16
	Busbar
	
	Customer Prepare

（For Gas source）


                                  Fig.(3)
Annex 1、Plasma cutting regulation

The plasma arc cutting processing specification,directly effect the cutting stability and cutting quality,the regulation as follows:

1、Open voltage and arc column voltage

Plasma power source have to have the enough high open voltage,then easy to strike and make the plasma arc stable burn.Open voltage usually take 120-600V,and the arc column voltage is half of open voltage,Increase the arc column voltage can significantly improve the plasma arc power,which increase the cutting speed and greater thickness of metal plate.but the arc column cant up to 65% open voltage,otherwise the plasma arc is not stable.

2、Cutting Current

when Increase the cutting current, it will improve the plasma arc power,but the current is limited for the max current,otherwise the arc column is bigger,the cutting seam is widen,the life of electrode will be shorter.

3、Gas Flowmeter

when Increase the gas flowmeter,it will improve the arc column voltage, enhance the compression effect of arc column,make the plasma arc energy more concentration,As a result improve the cutting speed and cutting quality.But if the gas flowmeter is too large,it will make the arc column shorter,loss energy increase,cutting quality decrease,until the cutting process is not working properly.

4、Electrode neck-in

The neck-in means the distance from electrode to cutting tip surface.The proper distance can make the arc get a good compression in the cutting tip,gain the energy,high temperature plasma arc,and effectively cutting;If distance is too large or too small,it will damage the electrode,cutting tip and cutting quality decreased,usually take around 4-6mm.

5、Cutting tip Height

Cutting tip height means the distance from the cutting tip surface to workpiece,generally take 4-10mm.It is same as neck-in,only take the proper distance can make the arc cutting more efficiency. Otherwise i the cutting efficiency and cutting quality decreased,or damage the cutting tip.

6、Cutting Speed

The above factors directly effect the compression of the plasma arc,that is the plasma arc temperature and energy.And the high temperature and energy decide the cutting speed,so the above factors is related with the cutting speed.On the premise of  achieving good cutting quality,as much as possible improve the cutting speed,it not only increase the productivity,but also reduce the deformation of the cutting element. If not suitable cutting speed, its effect instead, and will make the viscous slag, cutting quality decreased
Annex 2、General Plasma cutting process parameter
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1、Thermacut MAX200 torch and consumable selection
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2、HUAYUAN LGK-200IGBT match HYPERTHERM/THERMACUT MAX200 torch and the cutting process parameter
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3、HUAYUAN LGK-200IGBT/LG-200HA match HYPERTHERM MAX200 Pro and cutting process parameter
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4、HUAYUAN LGK-100IGBT Plasma cutter cutting capacity
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LGK-100IGBTcutter cutting capacity table

	Cutting condition：Compressed Air；Dry，Clean；Non-oil；
Gas pressure：0.55～0.60MPa ；Gas Flow： 80～90 L/min ；
Torch Factory：Changzhou；Model：P80；Nozzle：Ф1.5mm

	Cutting  current

A
	Steel   Thickness

 mm
	Quality cut speed

mm/min
	Quality cut
	Kerf width 

mm
	Kerf Angle
	Distance between nozzle and workpiece

  mm
	Arc Voltage

Set（V）

	100
	29.7
	150
	（JB/T10045.3）
	2.7
	≤5°
	1.5-2.0
	152

	
	24.8
	280
	
	2.4
	
	
	150

	
	19.9
	570
	
	2.3
	
	
	148

	
	15.8
	900
	
	2.2
	
	
	145

	
	11.6
	1460
	
	2.2
	
	
	142

	
	8.8
	2050
	
	2
	≤10°
	
	138

	
	5.9
	3050
	
	1.7
	
	
	135

	
	3.9
	4200
	
	1.6
	
	
	130

	Quality cut
	≤12mm
	Pierce thickness
	≤12mm
	

	Max cut
	25mm
	
	
	

	Severance cut
	30mm
	
	
	

	  Remark:

Quality cut thickness: the best quality cutting on mild steel. Usually it is the steel cut thickness at the speed of 500mm/min or faster cutting speed. ≥80% steel cut should be within that thickness range.

Max. cut thickness: good quality cutting on mild steel, but the cutting speed decreases to 250mm/min. This cutting quantity within this thickness range should not be over 20% of the total quantity.

Severance cut thickness: it is the cut off thickness, the cutting quality is not very good, and cutting speed is slow. This kind of cutting should not be often used.

Hole-drilling cutting is not recommended, because the spatter is easily attached to cutting head especially nozzle during hole-drilling cutting, so the cutting capacity is severely decreased, even the nozzle will be damaged.

Above data is the experimental test data of HUAYUAN cutting machine. The data may differs in actual application         because of different cutting conditions.



Annex 3、CNC Flame cutting process
Gas cutting accuracy is the actual cutting workpiece dimension compared with the drawing dimension error: cutting quality is the cutting surface rough rating, if there is slag and the cutting seam width uniformity.
Annex2.1  Factors that affect the flame cutting quality: gas, cutting speed, nozzle height
1. Gas
1）Oxygen: oxygen is the must for gas flame, which can offer energy in order to reach the steel plate flame temperature, meanwhile, oxygen is the must when the steel plate get flammable after preheating.
The oxygen must be pure, usually the purity should be more than 99.5%, some country require the purity more than 99.7%.  If the oxygen purity reduce 0.5%, the cutting speed will be 10% lower, if the purity reduce 0.8-1%, the cutting speed will be 15%-20% lower and the slag will increase, cutting quality will worse with more gas consume. This will lower the producing efficiency, and the cutting cost will increase( see drawing 2-1)
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 It may be a high disposable investment for liquid oxygen, but it is economical for the long run.
 The stability of the gas pressure is important for the cutting quality, if the fluctuation of the gas pressure is large, the cutting quality will not good. The gas pressure should adjust according to the nozzle and plate thickness. If the pressure too high, it can;t increase the cutting speed, and the cutting quality will worse.
Table 1 is the parameter for the normal nozzle size for reference only
Table-1 GK1 Nozzle performance parameter
	Plate thickness 

(mm) 
	Nozzle 

(#) 
	Cutting gap radius 

(mm) 
	Preheat  Time
   (s)
	  Cutting Speed 

(mm/min) 

	5～10 
	1 
	1.0 
	10～13 
	500～700 

	10～20 
	2 
	1.2 
	12～15 
	380～600 

	20～40 
	3 
	1.4 
	14～17 
	350～500 

	40～60 
	4 
	1.7 
	16～19 
	300～420 

	60～100 
	5 
	2.0 
	18～25 
	200～320 

	100～150 
	6 
	2.3 
	24～32 
	140～260 

	150～180 
	7 
	2.5 
	3～40 
	130～180 


Use condition of this table
1. Oxygen pressure7～8kg/cm2   acetylene pressure 0.3kg/cm2,  preheat oxygen pressure 3～4kg/cm2 
2. Oxygen purity99.5% 

2）flammable gas: the normal flammable gas used in the flame cutting is acetylene, coal gas, natural gas and propane, some country use the MAPP, that is: methane+ethane+propane.
Usually the gas which is with fast burning speed and high fuel value is suitable for the thin plate cutting, the gas which is with low burning speed and low fuel value suitable for thick plate cutting, especially thickness more than 200mm, if use coal gas and natural gas, it may get reasonable cutting quality, but the cutting speed is lower.
Compare to the natural gas, the acetylene is more expensive, but because of the source problem, acetylene is used regularly in actual producing process, only when cutting the high thickness plate and with high requirements of the cutting quality, the natural gas is used.
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3）Flame adjust 

Three flame can be get by adjusting the rate of oxygen and acetylene, that is carbonizing flame, neutral flame and oxidizing flame. The neutral flame has no free oxygen and acticarbon in its reduction zone. There are three zone: the inner cone is with round shape, the main components is acetylene and oxygen, the temperature reaches 1000℃ ; the outer skin is with round terminal and shine, it consists of hot carbon spot; the carbonizing flame zone is the part between the inner zone and outer skin, the obvious difference is that it is dark. The carbonizing flame consists of carbon monoxide and hydrogen, the temperature can reach 3000℃. Outer skin is total burn zone, it is the out part of the carbonizing zone, it consists of carbon monoxide, water vapor, and N2, the temperature is 1200～2500℃.

Oxidizing flame is caused by the oxygen excess, its inner zone is conic shape and short, the outline is not clear, color is dark. The carbonizing zone and outer flame is also short, the flame is purple and with noise. The noise loud or not related to the oxygen pressure. The temperature of the oxidizing flame is higher than the neutural flame, if use the oxidizing flame for cutting, the cutting quality will not good.
Carbonizing flame is caused by acetylene access, the outline of the inner zone not obvious, the end of the inner zone is green, which can judge if the acetylene is access. The carbonizing zone is shine, which maybe mix with the inner zone. The outer skin is yellow, and it will come out the black smoke when the acetylene too much, because it lack of oxygen when the acetylene burn.
The preheating flame is related to the cutting speed and quality. The flame energy should increase when the cutting thickness and cutting speed increase, but it should can’t be too strong, especially when cutting thick plate, the metal burn will cause heat, which will preheat the front cutting plate, if the peheat flame too strong, it will cause the cutting edge melt; if the preheating flame too weak, it the plate can’t be heat enough, the cutting speed will become slow or it will stop cutting. So the preheating flame and cutting speed affect each other.
Usually the neutrual flame is used when cutting the plate thickness less than 200mm, and the carbonizing flame preheating cutting will be used when cutting high thickness plate, because the carbonizing flame is with long flame, which should be 1.2 times longer than the plate thickness.
2、Cutting speed
The cutting speed of the plate is its flame speed, which should be adjust according to the nozzle, parameter, gas purity, gas type, plate material and thickness. The cutting speed directly affect the cutting reliability and quality. Manually adjust the cutting speed to increase the production efficiency or reduce the cutting speed to get better cutting quality is not acceptable. Over fast cutting speed will cause depressed pot or slag, if speed too fast, it may stop cutting. Over slow cutting speed may cause melted edge or round corner at the bottom edge of cutting surface, or the groove may accrue.
Suitable cutting speed may adjust according to the melted slag come out from the cutting kerf.
Compare to the vertical cutting torch, the cutting oxygen should be backward with a certain angle, which called backward push( see drawing 2-3). There is no backward push if the cutting speed too slow, the spatter under the cutting kerf should go with the cutting direction. If the cutting speed increase, the spatter should go at the opposite direction, when the spatter parallel with the cutting oxygen, it is considered the cutting speed too fast( see drawing 2-4)
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3、Distance between the nozzle and cutting workpiece surface
The distance between the nozzle and workpiece is the main factor that affect the cutting quality and cutting speed during the flame cutting. Different size of the nozzle should be used according to the thickness of the plate. In order to keep the high cutting quality, a certain distance between the nozzle and plate must be kept.
Appendix 2.2  Cutting guide line 

In order to keep the cutting quality, ignition directly at the penetration point is not recommended, then the cutting guide line is needed, which is a distance away from the penetration point, the torch will go along with this line for a while before cutting. The length of the guide line is decided by the plate thickness and cutting method, usually the thicker of the plate, the longer of the guide line. The guide line should follow point below:
1、The guide line should be as shorter as possible when it not affect the penetration and cutting quality, the direction of the guide line should be same as the cutting direction, the spatter during the cutting should be at the opposite direction of the cutting movement
2、The guide line arrangement during cutting inner part 
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1） The straight guide line used regularly, but is may leave a depressed pot at the beginning and end point（see drawing 2-5）.
If the inner part is rectanglar, the guide line should put in from the corner（see drawing 2-6）.
2）If high requirements for the cutting quality, the round guide line is better（see drawing 2-7）.
3、The guide line arrangement during cutting outer part
Straight guide line usually be adopted when cutting outer parts（see drawing 2-8）
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  5 、Material saving should be considered when guide line making
Appendix 2.3 heat deformation control
Heat deformation is the curve of shift of the workpiece which caused by uneven heating or cooling during the cutting process. Detail as: cutting size error or deformation, as because the strain in the material can;t be totally deminished, so the deformation can’t be avoid totally, only some measurements be taken to reduce the deformation
Appendix 2.4 pretreatment of the steel plate surface 
After producing, the steel plate should be stock and delivery, during this period, the surface of the plate may be oxidized, which is with high melted temperature, so it will increase the preheating time and lower the cutting speed, meantime, during the preheating process, the oxidized elements is easy to spatter and choke the nozzle, which will reduce the life time of the nozzle, so before cutting to treat the surface of the plate is needed.
 Measurements: paint oil on the surface of the plate after sandblasting
The sandblasting measurements is the must in the process of plate cutting
Appendix 2.5 CNC flame cutting quality defect and reasons
Normally the cutting quality defect include: the cutting edge defect, cutting surface defect, slag and crack. There are many reason which may affect the quality, like the purity of the oxygen. The reasons which effect the flame cutting quality include: torch, nozzle steel plate material and quality
1、 Cutting quality defect on the upper side of the cutting surface
This is quality defect caused by the melted 
（1） Depression on the upper side of the cutting surface
symptom: the edge melted too fast to get round depression
Reason ：[image: image19.jpg]Drawing 29




①Cutting speed too slow, preheating flame too strong
②Distance between nozzle and workpiece too far or too close, nozzle size too big, oxygen in the flame is too much
(2) Melted drop shape（drawing 2-9）.
 Symptom: there are drops at the upper side of the cutting surface
Reason ：
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There is rust or oxidized on the steel plate
②Distance between nozzle and steel plate too small, preheating flame too strong
③Distance between nozzle and steel plate too far
（3）Depressed on the upper side of the cutting surface（drawing 2-10） 。

Symptom: there is depression on the upper side of the cutting surface 

Reason：

① Preheating flame too strong
② Distance between the nozzle and plate too low
③Cutting speed too slow, distance between nozzle and workpiece too far, nozzle size too big, over preheating
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（4）there is slag on the upper side of the cutting surface（ drawing 2-11） 

Symptom: there is depressed and slag on the upper side of the cutting surface
Reason：

① Distance between nozzle and workpiece too far, cutting oxygen pressure too high
② Preheating flame too strong
2、Cutting surface with uneven
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（1）There is depressed defect on the upper side of the cutting surface（see drawing 2-12 ）

Symptom: there is depressed defect on the upper side of the cutting surface, and there is melted edge on the lower side of the cutting surface
Reason： 

① Cutting oxygen pressure too high
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② Distance between the nozzle and workpiece too far, nozzle choke
（2）Cutting seam small in up edge and big in bottom edge（see drawing 2-13） 

Symptom：Cutting seam big in up edge and small in bottom edge 

Reason：

① Cutting speed too fast
② Distance between the nozzle and workpiece too far, nozzle is choke
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（3）Cutting seam small in up edge and big in bottom edge（see drawing 2-14） 

Symptom：Cutting seam small in up edge and big in bottom edge 

Reason： 

① Cutting speed too fast, cutting oxygen pressure too high
② Cutting nozzle size too big and cutting oxygen flow too big
③ Distance between nozzle and workpiece too far
（4）sutting surface depressed(see drawing 2-15) 

Symptom: the depressed on all the cutting surface, especially in the mid part
Reason： 

①Cutting speed too fast
②Cutting nozzle size too small, cutting pressure too low, nozzle choke or damage
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③Cutting oxygen pressure too high, wind line damage
（5）Big wave on the cutting surface（see drawing 2-16 ）。

Symptom: sags and crests on the cutting surface, like wave shape 

Reason： 

①Cutting speed too fast 
②Cutting oxygen pressure too low, cutting nozzle choke or damage, wind line damage
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③Nozzle size too big
（6）Cutting direction angle error（see drawing 2-17）    

Symptom: cutting not vertical
Reason：

①Torch is not vertical with the workpiece
②wind line slit
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（7）Bottom edge of the cutting surface is round（see drawing 2-18） 

Symptom: the bottom edge of the cutting surface is melted to round shape 

Reason： 

①Nozzle choke or damage
②Cutting speed too fast, cutting oxygen pressure too high
（8）Bottom edge of the cutting surface depressed and with round shape（see drawing-19 ）

Symptom: the bottom edge of the cutting surface depressed and with round shape.
Reason: cutting speed too fast, cutting nozzle choke or damage. 

Rough defect
The roughness of the cutting surface will affect the following fabrication quality, which related to the cutting lines and its depth
（1）backward push too much of the cutting surface（see drawing 2-20 ）。 

Symptom: the cutting lines backward too much, meanwhile the pit appear

Reason： 

① Cutting speed too fast
②Nozzle too small, cutting oxygen flow too small, cutting oxygen pressure too small 

③ Distance between nozzle and workpiece too far
（2）Cutting line forward too much at the upper edge of the cutting surface（see drawing 2-21） 

Symptom: at the upper edge of the cutting surface, there is cutting line forward
Reason: torch is not vertical with the cutting direction, nozzle choke or damage.
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 （3）Near to the bottom edge, there is cutting line（drawing 2-22 ）。

Symptom: there is cutting lines near the bottom edge of the cutting surface
Reason： 

① The nozzle is damage or choke
② The torch is not vertical or nozzle has problem
（4）slag
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（1）Slag under the cutting surface（see drawing-23） 
Symptom: there is slag under the cutting surface
Reason： 

①Cutting speed too fast or too slow, the nozzle size too small, cutting oxygen pressure too low 

②Flame gas too much when preheating, there is oxidized rust on the steel plate
③Distance between nozzle and workpiece too far, over preheating
（2）slag 
Symptom: there is slag on the cutting surface
Reason: alloy content too high
（5) crack 
Symptom: there is crack on the cutting surface,
Reason: the carbon or alloy content too high, when preheat the workpiece,t he temperature didn;t reach the preheating temperature, or the cooling time too short.
The final explanation rights reserved to Huayuan Company! 

If there is any changes in the user’s manual, forgive not to inform separately!
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